Abstract. The transforming growth factor receptor III (TGFßRIII) is the most abundant and essential TGF-ß binding protein that functions as a co-receptor with other receptors in TGF-ß signaling. In earlier studies, expression of TGFßRIII was reported to be decreased in a variety of human cancers. Functional assessment of TGFßRIII was performed in many previously studied cancers but not in hepatocellular carcinoma. Therefore, in this study, we investigated the expression and genetic alterations of TGFßRIII in hepatocellular carcinoma (HCC) by quantitative real-time PCR (qRT-PCR) and singlestrand conformation polymorphism (SSCP) analysis. The qRT-PCR showed down-regulation of TGFßRIII in the tumor samples. To investigate whether genetic alterations mediated decreased expression of TGFßRIII, we performed mutation analysis of 67 human HCC tissues by SSCP and direct sequencing. We found five previously reported and one novel single nucleotide polymorphisms in exons 2, 3, 5, 13 and 14, but no mutations were detected. These polymorphisms were not associated with amino acid changes except for a base change found in exon 2 (TCC→TTC, S15F). The loss of heterozygosity (LOH) analysis performed on 10 tumors and corresponding normal pairs, showed a low rate of LOH (2/10). The results of this study suggest that TGFßRIII is transcriptionally down-regulated in hepatocellular carcinoma. In addition, genetic alterations did not appear to be associated with the reduced expression level of TGFßRIII. To clarify the role of TGFßRIII in hepatocellular tumor development and progression, functional analysis is needed in future studies.
Introduction
Hepatocellular carcinoma (HCC) is the fifth most common cancer; the associated mortality is the third highest among cancers. HCC is one of the main causes of cancer-related death in Asia and Africa (1) . Hepatitis B virus (HBV), hepatitis C virus (HCV) and aflatoxin B1 are well known major causative agents of HCC. However, the underlying mechanisms involved in the development and progression of HCC remain poorly understood (2) . Previous studies have reported that genetic alterations of tumor associated genes such as p53, ß-catenin and AXIN1 are involved in hepatocarcinogenesis (3) (4) (5) ; however, the frequencies of mutations in these genes appear to be very low in patients with HCC. Furthermore, it is unclear how these genetic changes precisely cause the clinical characteristics observed in individual patients with HCC. Therefore, the major molecular events underlying HCC remain to be identified.
The transforming growth factor ß (TGF-ß) family consists of diverse structurally related growth factors that regulate a wide variety of cellular processes including cell proliferation, lineage determination, differentiation, motility, adhesion and death (6) . There are three TGF-ß isoforms (TGF-ß1-3) that exert their role by binding to three types of receptors: type I (TGFßRI), type II (TGFßRII) and type III (TGFßRIII) (7) . TGF-ß signaling, is characterized by ligand binding to TGFßRII, continuously active serine/threonine kinase, recruitment and phosphorylation of TGFßRI (8) . Activated TGFßRI transmits signaling by activating Smad 2 or Smad 3, which form a complex with Smad 4 (8, 9) . The Smad complex then translocates to the nucleus to activate the target genes in a cell-specific manner (6, 7, 9) .
The transforming growth factor ß receptor type III (TGFßRIII, also called betaglycan) consists of 849 amino acids with a short cytoplasmic tail that includes 41 amino acid residues (10) . TGFßRIII is the most abundant TGF-ß receptor; it is regarded as a co-receptor that presents ligands to TGFßRII, thought to be due to the absence of a signaling motif (10, 11) . There is considerable evidence implicating TGFßRIII in a variety of human cancers. Down-regulation of TGFßRIII expression has been reported in renal cell carcinoma and endometrial carcinoma (12, 13) . Moreover, in addition to the loss of expression, a tumor suppressing role of TGFßRIII has been suggested in breast, prostate and non-small cell lung cancers (14) (15) (16) . However, no such studies have been performed to date in human HCC. In addition, DNA micro-array data, from our previous study, indicated that the expression of TGFßRIII was gradually down-regulated from the pre-cancer state to overt cancer in HCC compared to corresponding normal tissues (17) , suggesting a possible role of TGFßRIII in hepatocarcinogenesis.
Therefore, in this study, we investigated the differential gene expression of TGFßRIII in tumor and normal paired tissue samples and the genetic alterations of the TGFßRIII gene in 67 hepatocellular carcinoma cases by quantitative real-time PCR (qRT-PCR), single-strand conformation polymorphism (SSCP) and sequencing and loss of heterozygosity (LOH) analysis. DNA extraction. Frozen tissue samples were ground to a fine powder in liquid nitrogen and this powder was incubated overnight in 500 μl of lysis buffer (5 mM Tris-Cl pH 8.0, 20 mM EDTA, 0.5% Triton X-100) containing 500 μg/ml of proteinase K (Takara Bio Inc., Shiga, Japan) at 50˚C. Eleven cell lines were lyzed with the same buffer in the presence of 100 μg/ml of proteinase K (Takara Bio Inc). Phenol: chloroform: isoamyl alcohol (25:24:1) solution (SigmaAldrich Corp., St. Louis, MO, USA) was then added to each lysate and after centrifugation (15,000 rpm, 4˚C, 30 min), phenol: chloroform: isoamyl alcohol (25:24:1) solution was added to the supernatants. DNA was precipitated with ethanol at -70˚C and washed with 70% ethanol. The dried pellets were resuspended with 1X TE buffer (10 mM Tris-Cl pH 8.0, 1 mM EDTA).
Materials and methods

Quantitative real-time PCR (qRT-PCR).
Total RNA was isolated from frozen tissues using TRIzol reagent (Invitrogen) according to the manufacturer's instructions. cDNA was synthesized with the transcriptor first-strand cDNA synthesis kit (Roche Applied Science, Indianapolis, IN, USA). Realtime PCR analysis was performed in a total volume of 12.5 μl mixture containing 3 μl of 50-fold diluted cDNA, 0.4 pM of sense and antisense primers and 6.25 μl of iQ™ SYBR ® Green supermix (Bio-Rad Laboratories, Hercules, CA, USA). To normalize differences in the amount of total cDNA added to each reaction, glyceraldehyde 3-phosphate dehydrogenase (GAPDH) gene expression was used as an endogenous control. The reaction mixture was denatured for 3 min at 95˚C and incubated for 40 cycles (denaturing for 15 sec at 95˚C, annealing for 20 sec at 62˚C and extention for 20 sec at 72˚C). The primers used in the experiment were as follows: TGFßRIII (sense 5'-ACCGTGATGGGCATTGCGTT TGCA-3'; antisense 5'-GTGCTCTGCGTGCTGCCGATGC TGT-3') and GAPDH (sense 5'-ACCAGGTGGTCTCCTCT GAC-3'; antisense 5'-TGCTGTAGCCAAATTCGTTG-3'). The PCR was monitored in real-time using an iQ™-5 (Bio-Rad Laboratories) that allowed determination of the threshold cycle (Ct) at the time exponential amplification of the PCR products began. The average Ct, from duplicate assays, was used for further calculation and GAPDH-normalized gene expression was determined using the relative quantification method described as the following: Relative expression levels normalized to GAPDH = 2-(TGFßRIII Ct-GAPDH Ct) x 100. The results are expressed as the mean value of duplicates.
Single-strand conformation polymorphism and DNA sequencing. Genomic DNA samples from cell lines and HCC tissues were amplified with 21 sets of primers covering all of the coding regions of the TGFßRIII gene (Table I ). The PCRs were performed under conditions with 10 μl reaction mixtures containing 10 ng of template DNA, 0.1 mM of each deoxynucleotide triphosphate (Promega, Madison, WI, USA), 1.5 mM of MgCl 2 , 0.5 unit of Ampli Taq gold polymerase, 1 μl of 10X buffer (Perkin-Elmer, Foster City, CA, USA) and 1 μCi of [ 32 P]dCTP (Amersham, Buckinghamshire, UK). The reaction mixtures were initially denatured for 12 min at 95˚C, then subjected to 40 amplification cycles (denaturing for 30 sec at 95˚C, annealing for 30 sec at 49-54˚C and extension for 30 sec at 72˚C) and a final extension for 5 min at 72˚C. After amplification, the PCR products were denatured for 5 min at 95˚C, in a 1:1 dilution of sample buffer containing 98% formamide/5 mmol/l NaOH and loaded onto an SSCP gel (Mutation Detection Enhancement, FMC BioProduct, Rockland, ME, USA) with 10% glycerol. After electrophoresis, the gels were transferred to 3 MM Whatman paper and dried. Autoradiography was performed using Kodak X-OMAT film (Eastman Kodak, Rochester, NY, USA). To detect mutations, the DNAs showing mobility shifts were excised from the dried SSCP gels and re-amplified over 40 cycles using the same primer sets. After electrophoresis in 2% agarose gels, the PCR products were eluted from the gels with the Qiaquick gel extraction kit (Qiagen, Valencia, CA, USA) following the manufacturer's instructions. Sequencing of the PCR products was performed by COSMO Co., Ltd (Seoul, Korea).
Loss of heterozygosity (LOH) analysis.
The tumor and the corresponding normal DNA were amplified with the D1S188, D1S406, D1S435 and D1S2804 markers. PCR was performed in 10 μl reaction mixtures containing 10 ng of template DNA, 0.1 mM of each deoxynucleotide triphosphate (Promega), 1.5 mM of MgCl 2 , 0.5 unit of Ampli Taq gold polymerase and 1 μl of 10X buffer (Perkin-Elmer) and 1 μCi of [
32 P]dCTP (Amersham). The PCR products were then denatured and electrophoresed in 6% polyacrylamide gel containing 7 M urea. After electrophoresis, the gels were transferred to 3 MM Whatman paper and dried. Autoradiography was performed using Kodak X-OMAT film (Eastman Kodak). Identification of complete absence of one allele, in the tumor DNA of informative cases, by direct visualization, was considered LOH.
Results
Aberrant regulation of TGFßRIII in HCC.
Our previous findings showed that TGF-ß and the TGF-ß receptor family were differentially regulated during the progression of HCC (17) . TGFßRIII was gradually down-regulated from a dysplastic nodule, a precancerous region of the HCC, to Edmonson grades of HCC and overt HCC (Fig. 1) . To validate the findings from the microarray analysis, we performed qRT-PCR to determine the expression of TGFßRIII in 10 pairs of HCC and corresponding normal tissues. As expected, 7 out of 10 selected HCCs had significantly reduced expression compared to the corresponding normal tissues; the remaining three had mean values of down-regulation (Fig. 2) .
Genetic alterations and LOH analyses of TGFßRIII.
The underlying mechanism for the down-regulation of TGFßRIII was studied in the HCC samples. The genetic alterations and LOH in the TGFßRIII gene were evaluated to determine the possible mechanism involved in the aberrant regulation of TGFßRIII. We screened mutations by SSCP and directsequencing of 67 HCCs and 10 liver cancer-derived cell lines, as well as the normal liver cell line, THLE3. The results showed no significant mutations in any of the coding regions analyzed. However, we observed six polymorphisms in five exons that are summarized in Table II . Among these, there was one novel polymorphism, not previously identified, located in exon 13 (G2133A); however, the novel polymorphism was not associated with an amino acid substitution Table I . Primer sequences for amplifying the coding region of the TGFßRIII gene. 
-------------------------------------------------Product Exon Nucleotide sequence size (bp) -------------------------------------------------
The nucleotide alterations found in exon 2 (TCC→TTC) associated with changes in amino acids were found at high rates (66/67, 98.5%).
In addition, allelic loss at the TGFßRIII locus was studied with the microsatellite markers D1S188, D1S406, D1S435 and D1S2804, in ten normal and tumor sample sets analysed by qRT-PCR. LOH was observed in two samples (Fig. 3) . Table II . Genetic alterations of TGFßRIII gene in HCCs and liver cancer-derived cell lines. 
Discussion
There is accumulating evidence indicating that TGFßRIII is genetically and functionally implicated in tumorigenesis. TGFßRIII maps to chromosome 1p32, a region frequently deleted in a variety of human solid cancers (18) . In addition, many known genes that map to this chromosomal region are thought to play a role in tumorigenesis (18) . For example, when TGFßRIII was suppressed in pancreatic cancer cells, the endothelial to mesenchymal transition-related motility and invasiveness was increased (19) . In addition, aberrant TGFßRIII regulation has been reported to be closely related to ovarian failure susceptibility (20) . For ovarian cancer, the expression level of TGFßRIII was found to be decreased and did not suppress ovarian cancer cell proliferation, but inhibited motility and invasion (21) . Furthermore, several studies have proposed that the TGFßRIII gene is a potent tumor suppressor by experiments that have shown loss of expression, frequent LOH, and inhibition of cell motility and invasion in a variety of cancers including breast, prostate and non-small cell lung carcinomas (14) (15) (16) . Consistent with previous results, our findings indicated that the expression level of TGFßRIII was gradually down-regulated during the development of HCC compared to corresponding normal tissues, implying that down-regulation of TGFßRIII may play a role in hepatocarcinogenesis ( Figs. 1 and 2) .
In many malignant cancers, it is well established that somatic mutation and/or LOH are associated with the tumorigenesis of neoplastic cells. However, our study on genetic alterations of the TGFßRIII gene did not show somatic mutations or a high frequency of LOH in the HCCs. These results suggest that somatic mutations and LOH are not the major causes for the down-regulation of TGFßRIII. There was one mutation detected in exon 2 (SNP ID: rs1805110) with an associated amino acid change; however, this alteration did not seem to be associated with downregulation of TGFßRIII, since it was not tumor-specific. However, this is the first study on polymorphisms of TGFßRIII in HCC. The findings suggest that this genetic alteration of TGFßRIII in HCC may be associated with the susceptibility for liver cancer among Korean patients. In our LOH experiments, we observed two cases of LOH out of all 10 HCC samples. It is possible that LOH at the TGFßRIII genomic locus is associated with the reduced expression of TGFßRIII in HCC. However, the low frequency of LOH suggests that it is not a major cause of the down-regulation of TGFßRIII in HCC.
TGF-ß signaling has been implicated in cancer progression among many different types of cancer including hepatocarcinogenesis (22) . Several studies have demonstrated that TGF-ß is overexpressed in HCC (23, 24) . Furthermore, elevated levels of TGF-ß in the serum and urine have been shown to be closely related to a poor prognosis and tumor angiogenesis (25) (26) (27) . TGFßRII and Smad 4 have been associated with weaker expression levels in HCC tissues when compared to adjacent normal tissues (24) . In addition, disruption of TGF-ß signaling through the smad adaptor ELF (embryonic liver protein) has been shown to contribute to the development of HCC in an in vivo model (28) . Although these findings suggest that TGF-ß signaling, through TGF-ß receptors, may play a role as a tumor suppressor in HCC progression and development, the involvement of TGFßRIII remains to be elucidated.
In summary, the results of this study showed that TGFßRIII was down-regulated in human HCC. In addition, six single nucleotide polymorphisms (SNPs) in five exons of the TGFßRIII gene were identified, among which one was not previously reported. Furthermore, loss of heterozygosity was detected at a low rate. The findings did not show that genetic alterations and LOH were associated with aberrant regulation of TGFßRIII in human HCC. Additional studies with functional analysis are needed to further define the role of TGFßRIII in hepatocarcinogenesis.
